This article proposes the use of Big Data principles to support the future extraction of hydrocarbon resources. It starts out by assessing the possible energy-system transformations in order to shed some light on the future need for hydrocarbon resource extraction and corresponding drilling needs. The core contribution of this work is the development of a new database and the corresponding GIS (geographic information system) visualization project as basis for an analytical study of worldwide hydrocarbon occurrences and development of extraction methods. The historical period for the analytical study is from 1900 to 2000. A number of tasks had to be implemented to develop the database and include information about data collection, processing, and development of geospatial data on hydrocarbon deposits. Collecting relevant information made it possible to compile a list of hydrocarbon fields, which have served as the basis for the attribute database tables and its further filling. To develop an attribute table, the authors took into account that all accumulated data features on hydrocarbon deposits and divided them into two types: static and dynamic. Static data included the deposit parameters that do not change over time. On the other hand, dynamic data are constantly changing. Creation of a web service with advanced functionality based on the Esri Geoportal Server software platform included search by parameter presets, viewing and filtering of selected data layers using online mapping application, sorting of metadata, corresponding bibliographic information for each field and keywords accordingly. The collected and processed information by ROSA database and GIS visualization project includes more than 100 hydrocarbon fields across different countries.
Introduction
Despite great progress in renewable energy sources, fossil energy sources provide some 80% of global energy needs. Particularly, the role of oil and natural gas is expected to be important in the future ease. Even energy pathways that explore the stabilization of global temperature include significant amounts of fossil energy, and in particular natural gas. Some of them assume decarboniza- Figure 1 . History of world primary energy use, by Source (in EJ) [GEA, 2012] . tion of natural gas and coal, which indicates additional drilling needs to store underground large amounts of separated CO 2 . It is argued that new technologies based on Big Data concept need to be developed that make use of the vast amount of geologic and technological information now available in order to identify the most suitable drilling sites for hydrocarbon resource extraction and CO 2 storage. This is a prerequisite for the safe and efficient development of these sites.
An integral part of the multicomponent geoinformation project is ROSA database that includes static and dynamic information of the largest hydrocarbon fields in Russia and other countries. Its further visualization in the ArcGIS environment provides users various tools to analyze data by parameter presets. Such a complex approach plays an important role for further comparative analytical study on the development of the oil and gas industry in the world.
Thus, we analyzed two fundamentally different positions of the oil and gas industry development: the historical evolution of the global energy system and the current state of the industry based on ROSA GIS Project. The application of a system analysis methods as the most effective tool allows to conduct such an extensive analytical study.
The Role Oil and Gas in Energy Futures

Historical Perspective
From the dawn of civilization, humanity relied on traditional energy sources such as biomass and human and animal muscle power. The industrial revolution led to fundamental changes in the energy system, which resulted in the replacement of traditional energy sources first by coal and then by oil and natural gas. This transformation of the energy systems was enabled by technological innovations and was a salient contributor to a long period of unprecedented economic growth as shown in Figure 1 . The first phase was characterized by coal, the invention of the steam engine and iron and steel industries. The second phase was characterized by increasing diversification of energy end-use technologies and energy supply sources and led to even stronger growth of global energy needs. In particular, the invention of the internal combustion and electricity triggered the move towards oil and later gas as primary energy sources. ES3002 odintsova et al.: largest oil and gas deposits... ES3002 Figure 2 . Global primary energy requirements (in EJ) in one of the six GEA pathways that informed SDG7 targets [Riahi et al., 2012] .
Energy System Decarbonization
Increases in global energy needs and mitigation of dangerous climate change would require a fundamental transformation of the energy systems. Energy sources like renewables can provide both, carbon-free energy and efficient provision of needed service. Fossil energy like natural gas can achieve the same in conjunction with carbon capture and storage. More than a dozen carbon capture and storage facilities exist around the world, but they are still in the pre-commercial development phase and can remove on the order of million rather than billion tons of carbon [Benson et al., 2012; Metz et al., 2005; Pachauri et al., 2014] . Natural gas is well-suited for carbon capture and storage (CCS) as it contains half of carbon per unit energy compared to coal. In fact a transformational pathway developed in the Global Energy Assessment (GEA) as shown in Figure 2 foresees a continued major role for fossil based primary energy carriers -often in conjunction with CCS -towards 2050 and this despite stark energy efficiency improvements and renewable growth rates. Energy scenarios that are consistent with limiting global warming below two degrees Celsius generally also rely on net negative emissions, which can be achieved by using bioenergy in conjunction with CCS. Current global emissions are about 40 billion tons (40 GtCO 2 ) of carbon dioxide [Le Quéré et al., 2015] . The Paris agreement to stabilize climate at less than two degrees Celsius above the pre-industrial levels implies reduction of emissions to zero by midcentury [Pachauri et al., 2014; Rockström et al., 2017; WBGU, 2016] . Many scenarios in the literature overshoot this limit meaning that the excess cumulative carbon needs to be removed from the atmosphere. The range in the literature goes up to some 2500 GtCO 2 to be removed from the atmosphere this century (cf. Figure 3b) .
The GEA pathway also reveals that gas as "bridging technology" towards zero CO 2 emissions can take over an important role in this regards. This is amplified by growing cumulative gas use across the whole suite of GEA scenarios, even the ones that put a high focus on efficiency (cf. Figure 3a) . The continued growth in cumulative fossil resource extraction needs to be covered up an available resource base. Recent estimates [Rogner et al., 2012] ES3002 odintsova et al.: largest oil and gas deposits... ES3002 Figure 3 . Cumulative gas use (ZJ) and CO 2 storage (GtCO 2 ) across GEA pathways [GEA, 2012; IIASA, 2017] .
suggest that resource scarcity will not be an issue and this study also intends to add to the information base in this regards. In particular gas resources are abundant, where gas hydrates are the most abundant form of hydrocarbons and with estimated up to 800 ZJ (ZettaJouls or 800,000 EJ) they represent an essentially unlimited potential source of natural gas which exceeds the current global energy demand per year of 500 EJ by a factor of 1600. [Krey et al., 2009; Rogner et al., 2012] . However, extraction technologies would yet need to be developed. Shale gas sources with estimated global resource base of over 15 ZJ are already commercial due to recent improvements of steering techniques allowing long stretches of horizontal drilling with fracture stimulation (fracking) to keep the gas and oil flowing.
Global Drilling Perspectives
Drilling needs in the scenarios discussed above arise both from extraction of fossil resources and for storing carbon. According to (Cook, M., 2014, "670,000+ Wells to Be Drilled through 2020". http://www.drillingcontractor.org/670000-wells-to-be-drilled-through-2020-28709), oil and gas development wells will exceed 100,000 per year by 2020, of which about 2500 will be offshore development drills. In comparison, about 80,000 development wells were drilled in 2013 and in addition about 10,000 exploratory well drills were made. Taking the expected 2020 number of 100,000 per year until 2100 translates into some nine million oil and gas wells to be drilled cumulatively. This ES3002 odintsova et al.: largest oil and gas deposits... ES3002
number, based on current drilling activity, could even be exceeded, in case the high gas demand projections in Figure 3 would materialize. Assuming an estimated ultimate recovery of 1.5PJ/well as global average (Energy Information Administration (EIA), 2017: Assumptions to the Annual Energy Outlook 2017), the cumulative gas use shown in Figure 3 could translate into ≈ 4 to 16 (median 8) million wells that would need to be drilled over the course of the century (excl. drills for supporting wells). Drilling needs consistent with the cumulative carbon injection in the GEA scenarios from 400 to 2500 (median 1200) GtCO 2 can be derived based on an assumed average capacity of each well of about one million tons of CO 2 (1 Mt CO 2 ) per year (Blunt, M., 2010, "Grantham Institute for Climate Change, Briefing Paper No.
4, Carbon Dioxide Storage" https://www.imperial.ac.uk/media/imperialcollege/grantham-institute/public/publications/ briefing-papers/Carbon-dioxide-storage--Granth am-BP-4.pdf and lifetime of about 20 years [IEAGHG, 2017] . This translates into ≈ 25 to 150 (median 75) thousand wells that would need to be drilled until the end of the century. In addition it can be assumed that for each injection well an average of one to four wells would be required to support the geological storage activities [IEAGHG, 2017] .
Implications for This Study
So far, we have discussed the essential role of oil and in particular gas in the global energy supply that would extend into the future until the midcentury and beyond. Both safer and cheaper extraction of oil and gas as well as storing separated carbon would require further advances in drilling technologies Steering methods from geo to magnetic steering can significantly improve both extraction of oil and gas as well as storage of separated carbon. It is at the core of the contribution of this paper to develop a database as an information basis for analytical studies of worldwide hydrocarbon extraction methods. The work resulting from this paper can thus be regarded as useful reference to inform best practice standards of future oil and gas extraction and also aid site selection.
Increasing demands for oil and gas, more difficult deposits will require not only new technological developments but also greatly improved geoscientific data.
Projects on Collection, Analysis and Management of Geosciences Data
Recently, there has been a rapid growth in the geoscience data volume. Thus, analytical processing, verification and systematization of large amounts of incoming data is an important area in the field of Earth sciences. Furthermore, some Earth data volumes can be considered as Big Data. Indeed following the definition [Roberts, 2016; Science International, 2015] Big Data possesses four Vs: volume, variety, velocity and veracity.
The Russian Academy of Sciences is successfully implementing fundamental projects on collection, analysis and management of geosciences data of various fields. For example, Vernadsky State Geological Museum of RAS carries out research on solid mineral database on large and super-large deposits [Rundkvist et al., 2004; Tkachev et al., 2015] . The Geoinformatics Laboratory of the Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry (IGEM RAS) develops data banks of information support for geological exploration in the field of geology of ore deposits, mineralogy, petrology, geochemistry and volcanology [Plate and Veselovsky, 2016; Shchukin et al., 2015] . A group of researchers of the World Data Center for Solid Earth Physics, which is a functioning in the Geophysical Center (GC RAS) (World Data System -WDS, http://icsu-wds.org/), deals with accumulation, storage of various geophysical data, providing access to them for relevant scientific research [Sergeyeva et al., 2016] .
Database on mineral resources in other countries differs in content.
Industrial However, despite active development of databases on various disciplines in Earth sciences, there remain a number of issues to be addressed. Among them: providing access to a wide range of online users; creation of new databases to attract high scientific and applied interest; use of the newest means of visualization of geospatial data by creating of digital maps in GIS environment; equipping such databases with special software tools that provide a user with easy and convenient access for analytical work with presented data.
The ROSA Database and GIS Visualization Project
The goal of this project is to conduct an analytical study of the multidimensional database development of oil and gas industry in Russia and the entire world. To achieve this goal, the following tasks have been accomplished: development of the multilevel database by analyzing relevant literature and other sources; GIS visualization by integrating spatial data on hydrocarbon deposits with following metadata -ID; Latitude & Longitude; Name; Location; Type of hydrocarbon resource; Exploration methods; Discovery date; Start of production; Type & Age of reservoir; Mass density; Operator; Reserves; Extraction and Recovery methods; Technology & Features of extraction; Production. As a result, collected geospatial data was incorporated in the unite GIS project with the additional tools for further data analytics based on field parameters at user's choice. Integration of the collected multilevel database and GIS tools provides availability to conduct an analytical research of the oil and gas industry worldwide development within 20 century.
For the verification purpose, on the first stage of the project the open source specialized Russian and foreign bibliographic resources were analyzed [Cumo, 2014; Facey, 1994; Fattah et al., 2011; GolfRacht, 1986; Nahai and Kimbell, 1963; Nehring, 1978] . It included reference books and monographies, articles in specialized profile journals and books of the conferences, encyclopedias and reports of research centers and commercial oil and gas companies; materials of the open data sources. Separate thematic blocks linked to the corresponding bibliographic source that will testify the reliability of obtained results and provide verification tool for its analysis.
To reflect the process of the oil and gas industry establishment and its development within 20 century, the database attributive tables were constructed dividing all data into static and dynamic blocks [Odintsova et al., 2017; Rybkina et al., 2016] . formation level ROSA 1.0 contains static and dynamic data on the largest hydrocarbon fields in Russia and other countries discovered in the 20th century with the reserves more than billion tons of oil and equivalent billion cubic meters of gas in place. The second and third information levels ROSA 2.0 and ROSA 3.0 contain Russia's oil and gas deposits discovered in 20th and 21st centuries. ROSA 2 includes 38 objects with reserves of that range from 100 million to a billion tons. ROSA 3.0 includes 18 strategically important oil and gas fields with reserves from 100 to 50 million tons. Every single object is characterized by unique and unified parameters. For example, "location", "coordinates" or "identification number" are unique for every field. Other parameters of attributive table, such as "exploration methods", "collector type" or "field characteristics" are unified for the whole database ROSA 1.0-2.0-3.0. In addition, attributive tables are accompanied with keywords that serve as an effective tool for navigation and data processing and ease the processing of a large volume of heterogeneous data in both numerical and text formats.
Within ROSA GIS visualization project, we track the development of technologies and production volumes in each country and recognize the patterns of oil and gas deposits distribution worldwide. Further analysis review a strong correlation between leading countries in oil and gas industry and their economic positions within 20 century. The database reflects the periods in economic transformation and the growth of science and technology development that strongly correlates with implementation of a new oil and gas extraction and exploration methods. Thus, emergence of new breakthrough technologies allows to rise the share of production from hard-to-recover oil and gas reserves, as well as the re-development fields previously recognized as unprofitable and whose reserves are depleted. At the same time, in the development of new technologies, special attention is paid to the following requirements: maintaining economic profitability; maximum automation of processes; reduction of crude oil and natural gas losses during production; reduction of negative impact on the environment.
The next and important stage of this project is visualization of multilevel database in ArcGIS. All data was incorporated to ArcMap as a shapefile with point objects. "World Imagery" and "World Boundaries and Places" Esri default maps were used as the background (Figure 7) . To process and analyze described data the geoprocessing Clustering tool package was applied including Clustering methods developed at the Geophysical Center [Soloviev et al., 2016] . For a future development of the ROSA GIS project new methods of data analysis will be incorporated to the existing algorithmic tool package.
To present possible applications of the clustering tool package the discrete perfect sets (DPS) algorithm was used for the basic analysis within existing database. The DPS algorithm was created to isolate dense regions with a certain density level in a set of point objects. This method is a part of the discrete mathematical analysis (DMA), which is based on elements of artificial intelligence, as well as the basic concepts of fuzzy mathematics and logic [Agayan et al., 2014; Gvishiani et al., 2002 Gvishiani et al., , 2010 Gvishiani et al., , 2013 Nikolov et al., 2015] . DMA helps to solve various tasks related to the analysis of geospatial data.
To procced with the DPS geoprocessing tool user must specify the following parameters:
• choose the layer for the analysis;
• indicate free operation parameters: ( < 0) for determining the proximity radius and ∈ [−1, 1] for calculating the density level;
• indicate the folder where result will be saved [Soloviev et al., 2016] . Figure 8 shows the result of applying DPS algorithm to the layer with the largest oil and gas deposits (ROSA 1.0). Clusters selected in the course of the algorithm work are shown in yellow. ES3002 odintsova et al.: largest oil and gas deposits... ES3002 Figure 9 . Model for representing the structure of a multilevel ROSA database according to the principle of an inverted pyramid.
As a result, the authors propose a multidimensional ROSA GIS project with unified identifiers for all levels of the ROSA database (ROSA 1.0, ROSA 2.0, ROSA 3.0). Applied systems approach for data analysis and implication of the crosscutting parameters significantly simplify the processing of large amounts of heterogeneous data by sorting them according to the given values and/or keywords depending on the user's requirements. The general structure of the database is shown on the Figure 9 . Suggested block scheme present interaction of all levels of the ROSA database. The principle of the inverted pyramid is applied. ROSA 1.0 includes the largest deposits of the oil and gas in the world and on the ROSA 2.0-3.0 level only deposits with the territory of the Russian Federation are considered. ROSA 4.0 contains more detailed and narrowly focused information and is currently under development. From the upper part of the pyramid, the geographical cover, as well as the volume of the oil and gas in place, decreases. This principle is universal and could be further applied in other thematic databases. All levels can be analyzed independently, or within the whole database using cross-cutting parameters unified for all levels for a comparative analytical review.
Discussion
The purpose of this research is to develop a database and conduct the analytical study of the hydrocarbon deposits in Russia and worldwide. As illustrated in the Figure 1, Figure 2 and Figure 9 the main trends in the development of the oil and gas industry are presented from two different perspectives. Together, they provide the combined overview of the industry development based on two different approaches, namely from historical evolution of the global energy system toward a major role of oil and gas and from the perspective of development of oil and gas fields base on the unique database and visualization of the geoscientific data. In both cases the systems analysis is applied to provide as effective tool for further analytical research.
The result of this work is the development of a multicomponent and multidimensional geoinformation and visualization project that can serve as an effective tool for applied and analytical research. The main component of this project is a unique database that includes static and dynamic parameters of the largest hydrocarbon fields in Russia and other countries of the world. Visualization of the database objects and its attributive field in the ArcGIS environment became the next step in the course of the project implementation. It allows to present all deposits as a single world map with various backgrounds and provides the user with the opportunity to analyze the data with spatial algorithmic tools (Clustering Tool Package). To work and sort the deposits according to the desired parameters the built-in capabilities of the ArcGIS system analysis software package methods and algorithmic tools created in the Geophysical Center of RAS are applied.
Such a database with its static and dynamic parameters will provide a comparative analytical study of the oil and gas industry development in Russia and worldwide. Countries positions in the world arena will be revealed according to the influence of oil and gas industry development on the economic situation and the development of extraction and exploration tools.
The geoinformation and visualization project provides a facility and framework for viewing and analyzing the regularity of hydrocarbon distribution on the world map, to reveal the leaders in extraction, to track the development of technologies and ES3002 odintsova et al.: largest oil and gas deposits... ES3002 production volumes in each country. The database could be efficiently used as an effective tool for educational purposes. The wide scale and thematic focus of the ROSA GIS visualization project will support effective interaction and collaboration across scientific communities, production organizations, and educational institutions.
